ABSTRACT
Introduction
Drift waves have long been an area of major activity in the controlled fusion community.
In particular particle simulation techniques have been used many times to examine some drift waves in great detail2"7. In this paper a relatively new type of drift wave instability is exam ined. This paper is motivated by some recent experiments on TMX-U that have indicated that electrostatic drift waves may be driven unstable by injection of neutral beams in the thermal
barrier region1. The linear theory and the particle simulations in Ref. 1 were performed using the local approximation. The purpose of this paper is to relax the local approximation in both the theoretical treatment and in the particle simulations.
Section 2 describes the model equilibrium which uses a slab model with a uniform mag netic field together with the electrostatic approximation. Section 3 describes the linear nonlocal
analysis, the simulation techniques, and the linear simulation behavior. Section 4 describes the dominant nonlinear behavior from the particle simulations and includes a discussion of the dominant effect, which is ExB trapping8. Section 5 contains a brief summary of the major results.
Model Equilibria
The geometry for the model is given in Fig. 1 . The equilibrium density gradient is per pendicular to the magnetic field. There may be an equilibrium electric field in the x direction.
The low beta approximation is made, which makes it possible to take B0 as independent of the jc coordinate. The beam velocity parallel to the magnetic field Ub is taken to be much less than the Alfven speed VA. Under these conditions for the beam velocity and the Alfven speed the electrostatic approximation may be employed. Finally, quasineutrality, which as shown in Ref. 1 is valid in the limit uij, » fl2, is used to close the system of equations. As in Ref. 1, finite gyroradius effects are ignored.
The constants of the motion for particles are the guiding center position,
X~x + vy/Clc;
(1) the particle energy, € -(l/2)mv2 + q4>(x)\ (2) and the component of the velocity parallel to the magnetic field, 'z (3) Equilibria may then be specified using the constants of the motion to form model distribution functions for the ions and for the electrons.
The most basic distribution function is used for the electrons; that is a Maxwellian distri bution in particle energy and a multiplicative factor depending upon the guiding center position.
The model distribution function is therefore given by
Fe CT,€,vr) -ge (X) exp((-(l/2)mv2 +e<t>(x))/Te] .
For the electrons finite gyroradius effects should be completely negligible. Therefore the equili brium spatial distribution function for the electrons is given by
where Ne(x) may be arbitrarily specified. The particular eigenmodes shown in Fig. 2 and Fig. 3 The results given in Fig. 5 and Fig. 6 2A. (3) The saturation values are shown in Table 2 Fig. 8 . (24) perpendicular to the magnetic field is significant. Figure 9 shows the potential as a function of space near saturation of the instability.
4B. Simulation Results

Nonlinear phenomena recovered from the simulations are presented in this section. Con nections will be made to the nonlinear phenomena discussed in the previous section; (1) ExB trapping, (2) the final appearance of the density profiles and
Particle trajectories may have a different appearance the trajectory shown in Fig. 8 . Figure   10 gives another example of ExB trapping for a different situation. Notice that the particle motion in both directions perpendicular to the magnetic field is significant although the exact particle motion is quite different from that in Fig. 9 
